The present study reports statistical medial optimization for chitinase production by a novel bacterial strain isolated from soil recently, which the name Chitinolyticbacter meiyuanensis SYBC-H1 is proposed. A sequential statistical methodology comprising of Plackett-Burman and response surface methodology (RSM) was applied to enhance the fermentative production of chitinase, in which inulin was firstly used as an effective carbon source. As a result, maximum chitinase activity of 5.17 U/mL was obtained in the optimized medium, which was 15.5-fold higher than that in the basal medium. The triplicate verification experiments were performed under the optimized nutrients levels which indicated that it well agreed with the predicted value.
INTRODUCTION
Chitin is the second most abundant insoluble biodegradable polymer, which exists naturally in the biosphere as a structural polysaccharide of -1,4-N-acetyl-D-glucosamine (16) . It is highly distributed in nature, as a constituent of insect exoskeleton, shells of crustaceans, fungal cell walls (11) , and algae components (5) . More than 1×10 11 tons of chitin are estimated to be produced annually in marine waters alone, mostly by copepods (24) . Most of chitin for commercial are come from shrimp shellfish waste.
Chitinase (E.C.3.2.1.14) are enzymes capable of hydrolyzing chitin to its oligo and monomeric components.
Microorganisms (5), higher plants (17) , even lower animals and birds (3) are known to produce chitinase. Microorganisms are well investigated, Serratia marcescens is the most common and well known microorganism for chitinase production (4).
Recently, chitinase are gaining much attention worldwide (7, 8, 12, 26) , because of their wide range of biotechnological applications in such as generation of fungal protoplasts (12) , shellfish waste management, production of single cell protein (34) , and specially in the production of chitooligosaccharides (immune enhancers), N-acetyl-glucosamine, or chitooligosaccharides for various applications (34) , and in biocontrol of fungal plant pathogens (6) .
In order to industrially convert the complex chitin to simple or proper compounds, much work has been done to improve the production of chitinase by a cheap and energysaving process using genetically modified organisms (18) and/or multistage fermentation system. An enhancing effect of glucose on chitinase production was reported by Bhushan when glucose was used with chitin as carbon source (2) . However, a suppressing effect of glucose on chitinase production was reported by Miyashita et al. (23) . Therefore, the current challenge is to further enhance the enzyme activity via strain selection and culture conditions optimization.
In the conventional method, the medium is optimized by changing one factor at a time while keeping others at a constant level (26, 33) , which is laborious and often leads to wrong conclusions (20) . Multivariate experiments are designed not only to reduce the number of necessary experiments in the optimization process, but also to produce more defined results than those available by univariate strategies (27) . PlackettBurman (P-B) and response-surface methodology (RSM) are multivariate analyzing tools comprising of mathematical and statistical techniques for generating empirical models that obtained importance for optimizing production conditions of industrially high value products such as chemicals, enzymes, and for studying enzyme kinetics. The statistical tool has been used in many biotechnological processes namely optimization of culture conditions (19) , enzyme production (32), ethanol production (10), and biomass production (36) . It was also useful for optimizing the yield of recombinant products such as actinorhodin (9), nisin (21), lysozyme (14) , alkaline protease
(1), and hirudin (28) as well as extracellular polysaccharides and biomass (13) . However, there have been few studies on chitinase production using (P-B) and RSM (31) .
A novel bacterial strain was isolated from soil recently, which named Chitinolyticbacter meiyuanensis SYBC-H1. In this paper, the effect of the addition of inulin to the liquid culture of the strain was investigated, and RSM, an efficient experimental strategy, was applied in optimizing the medial composition to improve the production of chitinase.
MATERIALS AND METHODS

Microorganism
The chitinase-producing bacterium was isolated in our laboratory from the soil samples collected from Meiyuan Park (33°56´N,120°18´E), Wuxi city, China. The physiological and biochemical tests of the isolated chitinase-producing strain were done as described in Bergey's manual of systematic bacteriology (15 
Preparation of seed culture
The stock culture was maintained on nutrient agar slants kept at o C. 
Culture conditions
Chitinase production was carried out by shake-flask 
Assay of chitinase activity
The chitinase activity was measured by reduction of 3,5-dinitrosalicylic acid, in the presence of the aminosugar Nacetyl-D-glucosamine (NAG) released by enzymatic hydrolysis of colloid chitin according to the method described by RojasAvelizapa et al. (29) . The absorbance was recorded at 530 nm.
Readings were compared with a standard curve prepared with a series of dilutions of NAG (0-5.0 mmol/mL) and 3, 5-dinitrosalicylic acids. The chitinase activity was assayed in triplicate and the average enzyme activity with standard deviations was measured using software of SPSS 11.5. One unit chitinase activity (U) was defined as the amount of enzyme required for producing 1 mmol of NAG at 37 o C in 1 minute.
Screening of critical media components using a Plackett-
Burman design
The Plackett-Burman factorial design was used to select significant medium components affecting the production of and it is used to screen and evaluate important factors that influence the response. From the regression analysis of the variables, the factors having significant effect on chitinase Chitanase production from C. meiyuanensis production were further optimized by RSM.
Optimization of medium with the Response Surface Method
Inulin, urea, and sodium sulfate were identified as the key factors that influenced chitinase production from the above experiments (Table 3) , and their suitable concentration ranges were also preliminarily determined. Consequently, RSM was employed to optimize the four most significant factors, namely inulin, urea, sodium sulfate, and chitin powder (particle size < 100 mesh), which had been screened by fractional factorial design for chitinase production enhancement based on central composite design. The four independent factors were studied at five different levels (−1.41, −1, 0, +1, and +1.41) as shown in Table 4 . The factors were coded according to Eq. 1:
Where Xi and xi are the actual value and codified value, respectively. X 0 is the value of Xi at center point, and
¡
Xi is the step change value. The second-order model used to fit the response to the independent variables is shown in Eq. 2:
Where Y is the predicted response, 
RESULTS
Screening of significant factors by Plackett-Burman design
In the Plackett-Burman model, 14 experiments were required tests to screen the importance of eleven medium components derived from single-factor optimization (Tables 1   and 2 ). The values of Prob > F less than 0.05 implied that model terms were significant. From the experimental data, all of these variables could distinctly affect the production of chitinase (Table 3) . Among them, Corn steep liquor powder, glucose, starch, and magnesium sulfate exerted negative effect, whereas the other six variables exerted positive effects on the production of chitinase. The optimum variables (urea, inulin, and sodium sulfate) were further evaluated by a response surface methodology (RSM) design. 
Optimization using RSM
To search for the optimum combination of these components in the culture medium, a CCD experimental plan was carried out. Their suitable concentrations ranges were preliminarily determined. © ' and ' ' represent the positive and negative directions respectively. Value of is 1.414 Chitanase production from C. meiyuanensis 
DISCUSSION
Chitin is usually thought as a kind of renewable polysaccharides and organic nitrogenous substance that only second respectively to cellulose and protein in abundance (11) .
From further study more and more unique properties are being The composition of culture medium has been optimized before, in which glucose principally serves as carbon source (35) . In the research, urea, inulin, chitin powder and sodium sulfate were found to be significant factors controlling chitinase yield.
This is the first report suggesting a whole new carbon source to produce chitinase through employment of inulin as substrate.
Inulin, a D-fructose polymer terminated by glucose residue, makes up 80% or so of the dry matter of Jerusalem artichoke tubers, and for many years it has been proposed to be a possible feedstock for ethanol production (25) . As demonstrated in this paper, Inulin can also be used as an effective carbon source to chitinase yield with much lower cost in substrate.
The study using RSM based on CCD established an efficient model to describe the process. During the process of chitinase production, chitin acts as not only inducer, but also carbon source and nitrogen source. Furthermore, preliminary experiments indicated that chitinase production was significantly influenced by chitin. The high similarity between the observed value and the predicted ones showed that the RSM was an accurate and applicable tool to optimize culture medium for chitinase yield in Chitinolyticbacter meiyuanensis SYBC-H1 industry. By utilizing the statistical methodology, the optimum chitinase activity was determined to be 5.17 U/mL. Under optimized culture conditions, the chitinase activity was 15-fold than that under the original culture conditions. In particular, the culture time was also decreased.
Although chitinase activity slightly lower than Streptomyces (26) , but it is low cost in substrate. To further increase the yield of chitinase, we will attempt to construct recombinant
